Summary
Jejunal biopsies obtained from 45 children referred for a variety of clinical conditions were examined histologically and by standard immunofluorescence methods. The number of plasma cells was recorded per "mucosal tissue unit." The results showed that most of the immunoglobulin A (IgA) counts in infants under 3 yr with normal mucosa were low and that there was a rise in the number of IgA plasma cells starting after this age. Despite this, under pathologic conditions (partial villous atrophy with increased inflammatory cell infiltration -PVA) a significant rise in IgA plasma cells occurred in all age groups. Patients with coeliac disease tended to show the highest IgA as well as IgM plasma cell counts. In all other patients, IgM counts did not change significantly with age or histologic abnormalities.
Speculation
Children in the first few months of life are as capable as older children of increasing the number of IgA plasma cells in their jejunal mucosa. However, though immunocompetent, their gut, on first contact, will be lacking in primary immune responses to the various antigens, and, therefore, may be relatively unprotected.
procedures, but in two of the patients with cow's milk protein intolerance, biopsy was repeated. Older children were less often referred to us for jejunal biopsy, and it was important for this study to extend the analysis of the effect of age. We, therefore, included earlier data, namely, counts from 10 normal adult volunteers and from 5 children aged 2-10 yr with normal jejunal histology. Both sets of results were analysed together.
All the patients are listed in Tables 1, 2 , and 3. The Crosby capsule was used for jejunal biopsy, with a pediatfic modification of porthole diameters: 2.2 mm for infants under 1 yr and 2.8 mm for those over 1 yr of age. The biopsies, obtained at the level of the ligament of Treitz, were divided into at least two portions, one for routine histologic preparation and the other for tissue immunofluorescence. All biopsies were histologically classified into 1) normal mucosa or slight alteration (N), 2) partial villous atrophy defined as short broad villi, increased crypt length and increase in inflammatory cell infiltration (PVA), and 3) subtotal villous atrophy (SVA) (26) . For immunofluorescence, the tissue was immediately futed in 5% formaldehyde in phosphate buffered saline for 4 hr, then washed overnight in 30% sucrose and stored at -80°C. Fluorescein isothiocyanate conjugated antisera against IgA, IgM, IgG, C3 complement and secretory piece were obtained from DAKO and diluted from 1:20 to 1:60. Conjugated IgE antiserum was obtained from Behring and diluted It is well recognized that, in infants, I~A in the serum rises 1:5 to 1:20. Because of the tendency of the IgG antiserum to stain slowly and reaches about 70% of adult serum levels at age 12 (27) . con"ecfive tissue* thus making it difficult to recognize and count Little is known, however, about the numbers of plasma cells in IgG plasma a portion the mucOsae was separately the gut mucosa in relation to age, although the gut is considered treated by washing in phosphate buffered for 24-48 hr one important site of immunoglobulin production. ~h~ only pre-before futation (6) . The frozen tissue was cut on a cryostat at a vious studies on this subject were carried out in children in whom thickness of 5 pm, stained on slides with antisera and viewed with no organic intestinal disease was found and in whom the small a Leitz fluorescence microscope. The plasma cells stained with the bowel mucosa was histologically normal (3, 21) , or grossly monospecific antisera were directly counted at a magnification of ma1 as in coeliac disease (22) . Because infants are so often ex-~2 5 0 (eyepiece objective ~2 5 ) with a 5 mm X 5 mm grid of posed to gastrointestinal infections, it was of interest to study the 100 subdivisions inserted into the eyepiece. Only vertically orienability of children t~ increase their local immunoglobulin produc-tated sections were counted, using the technique of Brandtzaeg et tion in response to agents causing the pathologic conditions within a/. (4, 51 , in which the total plasma cells contained in a ~U C O S~~ the bowel mucosa. we, therefore, set out to studY the tissue unit were counted. This unit was defined in our study as a mucosal immune response by a simple quantitative tissue hmu-column with a width that of the grid and a height the full height no~uorescence technique in patients who were referred to us for of the mucosa. The width of this column on a slide micrometer a variety of clinical conditions. was 232 pm. Whenever possible, 8-15 consecutive units were counted in two different slides stained with the same antisera.
MATERIALS A N D METHODS
Eosinophils and macrophages were excluded from the counts by their different appearance including their ability to scatter red Forty children included in this study presented consecutively light when a K530 secondary filter was used. for jejunal biopsy. This was camed out for diagnostic purposes Statistical analysis was performed using Nelder's (17) computer and with the informed consent of the child's parents or guardians. program for generalized linear modelling-GLIM. Only bottle-fed children were included. All patients had detailed clinical investigations, examinations of stools and jejunal juice to
RESULTS

exclude pathogens. Serum immunoglobulins were determined in
The counts for each biopsy are given in Tables 1, 2 , and 3. most and those with immunodeficiency were excluded. Single Counts for IgA and IgM plasma cells only are shown because no jejunal biopsies were carried out as part of the routine diagnostic consistent technically satisfactory results were obtained for IgG The mean counts are for a mucosal unit with column of width 232 am. These patients comprise the additional selected group (see Materials and Methods).
733
Same child as b in Table 2 .
and IgE. The staining pattern for secretory piece in the epithelial cells was normal throughout, and no significant difference between the biopsies was found for C3. The first analysis of these results was camed out on the original 40 biopsies grouped according to the patients' age as over and under 2 yr, and showing either normal histology (N), partial villous atrophy (PVA) or subtotal villous atrophy (SVA). Multiple regression analysis on the logarithms of the mean wunts for the individual biopsies showed a highly significant effect ( P < 0.001) as between N, PVA, and SVA, but any effect between the two age groups was found to be negligible once other variables had been allowed for. The analysis was rerun using results from all the biopsies. The counts were grouped as N, PVA, and SVA, age being considered on the basis of an assumed linear regression instead of merely as two groups. This analysis showed a highly significant correlation ( P < 0.001) with histologic classification, and a moderately significant one ( P < 0.05) with age. Graphical plotting of the data revealed no evidence of any correlation with the disease category. The mean values grouped by age and hitologic classification are given in Table 4 and a scatter diagram of the IgA wunts in Figure 1 .
Regarding age, if the more extensive series of IgA counts with normal histology are examined, it can be seen that the majority of the counts of children under 3 yr old lie below 40 and the majority of those over 3 yr old above. If the median value on each scale is taken for these counts, the number of counts falling into each quarter can be put into the form of a 2 x 2 table (Table 5 ). This table corresponds to an exact probability (28) of P = 0.0004. There is, therefore, a highly significant increase in the IgA counts of normal mucosae with age, inspection of the graph suggesting that a change in behavior tends to take place at about the age of 3. It should be noted that using the median of each scale as a dividing line is an objective procedure, not a subjective trial-and-error method, and that the positions of the medians are independent of whether or not there is any correlation between corresponding values on the two scales. Thus, the ordinary test of significance may safely be used.
Regarding histology, it may be seen ( Fig. 1 ) that there is a nearly complete separation between the N and PVA counts for IgA. A discriminating line drawn at 58 would have only one PVA below, and only 5 N above (all over age 5). The mean values for the children are 40.0 (N) and 83.0 (PVA). The SVA counts lie in among the top 5 PVA counts. If the IgM counts in SVA are considered, 4 of the 6 counts lie above 40, a level reached by only 1 N and 1 PVA count. In contrast, the IgM counts were not appreciably raised in PVA. It should also be noted that increase in IgA counts with histologic abnormality occurs in all age groups, including the youngest ( Table 4) .
The ratio 1gA:IgM plasma cell counts was examined for the original 40 patients grouped as over and under 2. It was lowest for those patients under age 2 with normal mucosae. The correlation between IgA and IgM counts in normal mucosae showed a nonsignificant inverse relationship under the age of 2, but a significant (P < 0.01) direct relationship over 2. The under 2 inverse correlation became virtually zero if one discrepant observation (IgM = 53.2) was omitted. However, it should be noted that two of the three highest values for IgM associated with normal histology occurred in children under 6 months old.
DISCUSSION
In this study, a method of counting was used simiiar to that of Brandtzaeg and associates (2, 4, 5) . This gives a measure of the number of plasma cells per unit length of gut. We consider it to be superior in principle to techniques involving measuring the number of cells per unit area, because the latter takes no account of the great increase in SVA of the area which contains high densities of plasma cells. However, it does mean that numerical varues cannot be directly compared with those obtained by some other workers. If It is possible that there may be some correlation of plasma cell count with specific diagnosis, but this is not apparent from our limited data. Thus, for the patients we have so far examined, plasma cell counts did not seem to have diagnostic value. The best correlation occurred with coeliac disease, but though the IgA counts were high in all cases, comparable levels were sometimes found in other diseases with PVA. High IgM counts (> 40) were present in 4/6 coeliac patients with SVA, but not in 2 other coeliacs with PVA (Tables 2). These levels were also found in two other (noncoeliac) patients. Other workers (15, 16, 19, 24) have also drawn attention to increased concentration of IgM plasma cells as part of coeliac disease, but we have found this increase inconsistent. Savilahti (22) found increased IgM counts when patients with cows' milk protein intolerance were challenged, but high IgM counts are not associated with cows' milk protein intolerance in our patients.
We set out to examine both the effect of age on the number of plasma cells in normal jejunal mucosae, and also whether age affected the ability of the gut to respond immunologically to abnormal stimuli. This study is necessarily limited for ethical reasons because the children, even those with histologically normal mucosae, were referred for suspected jejunal abno-rmality. Also, the patients tended to be referred for different clinical conditions at different ages, though as we could not find a correlation with the diagnosis (only with histologic abnormality), we do not consider this a serious limitation.
The literature is scarce on the plasma cell counts in the intestinal mucosa related to age. Savilahti (23) reported children with histologically normal mucosae biopsied for actual or suspected intes- (Tables 1,4 , and 5, Fig. I ), it is clear that there is an increase with age, though this is not shown clearly by the mean values (Table  4 ). Reference to Figure 1 suggests that these means are overweighted by occasional high values. The comparatively small effect of age on the plasma cell counts which we found is supported by a study of fecal immunogJobulin levels in normal children (9) . It would be unwise to believe that plasma cell counts, especially IgA counts, would be comparable in breast-fed and bottle-fed infants. All the children in our series were bottle-fed. There is evidence that cows' milk protein intolerance can lead to an increase in the IgA plasma cell concentration in jejunal biopsies, usually associated with PVA (8, 10, 11, 12, 24, 25) : There is also evidence that feeding mice whole cows' milk, compared with hydrolyzed milk protein, can give rise to increased IgA plasma cell concentration without obvious signs of villous atrophy (20) . In pigs, the rise in the concentration of IgA plasma cells coincides with weaning (l), suggesting that the presence of foreign food antigens may be responsible. In the only breast-fed patient, aged 4% months, that we biopsied (not included in this study), the histology showed a PVA of the jejunal mucosa, and the IgA plasma cell counts (42.8) were below the PVA range of our bottlefed patients, though IgM (12.3) was within the usual range. This occasional observation supports the cited findings in animals.
Like us, Savilahti (23) found no change in IgM plasma cell counts with age. Because he reported an increase in IgA plasma cell counts with age, the 1gA:IgM ratio rose and this he ascribed to the immaturity of the IgA system in young children. Results supporting this have been found in pigs (1, 7). Blanco et al. (3) , studying 24 normal children, found no significant increase in IgA plasma cells after age 1, but a significant decrease in IgM cells after that age. An inverse correlation between IgA and IgM counts would suggest a compensatory mechanism in early ages similar to that observed in IgA deficiency (2 1). However, in our series, when IgA and IgM counts for individual biopsies were compared, there was no significant evidence of this inverse relationship. Although the lowest ratios occurred in children under 20 months, three of the highest ratios also occurred in that group.
The highly significant increase in IgA plasma cells in PVA and SVA occurs as much.in the youngest children in our series as the oldest ( Fig. 1 and Table 4 ). Savilahti (24) found that children under 2 with coeliac disease had IgA and IgM counts in the same range as children over 2. This is also true of our patients. The correlation of increased plasma cell counts (especially IgA) with mucosal damage could be explained by an increased permeability to antigen in the damaged mucosa. It has been found that there is a correlation between degree of histologic abnormality and the occurrence of antibodies to food in coeliac disease and dermatitis herpetiformis (13) . It is also possible that the immune response might be responsible for the damage, though there are doubts whether IgA can be regarded as complement-fming (14) .
The general opinion that there is an increased incidence of gastrointestinal disturbance in young children is borne out by the age distribution of the children coming to us for biopsy. Though even the youngest of the children studied here seemed to be capable of mounting a full IgA response in PVA, the number of plasma cells in normal mucosae was in most of them well below that of adults. There is dispute as to whether the intestinal mucosa demonstrates immunological memory, though recent work on immunity to cholera (18) suggests that it does. Thus, a simple explanation of our findings would be that the infants' mucosa, though immunologically competent, had encountered relatively few pathogens and other damaging agents, and was, therefore, comparatively unprimed and unprotected. This may well explain the increased incidence of severe gastroenteritis and persistent diarrhea in smaller infants without breast milk protection.
